Background: Nitric oxide is synthesized from L-arginine and catalyzed by a family of NOS. There are three different NOS isoforms: neuronal (nNOS), inducible (iNOS) and endothelial (eNOS). Nitric oxide is an important apoptosis regulator in mammalian system that can induce and prevent apoptosis depending on levels of NO production and environmental conditions of the cell. NOS expression and its relationship with apoptosis has not been well elucidated in listerial meningoencephalitis in sheep. The aim of this study was to investigate eNOS and iNOS expressions in the brain of sheep with natural listeriosis and to compare them with apoptosis which is shaped in the region.
INTRODUCTION
Listeria monocytogenes (LM) is a facultative intracellular pathogen and can cause serious diseases.
In animals, listeriosis usually shows a wide variety of clinical syndromes such as septicemia, abortion, meningoencephalitis, purulent conjunctivitis and mastitis [13, 28] . In the histopathological diagnosis of encephalitic listeriosis, extensive mononuclear perivascular cell infiltration and microabscesses formation are important findings, especially in the brainstem [13, 28] . Lesions consist of neutrophils, macrophages and lymphocytes. This indicates that inflammation cells play an important role in brain damage [6, 9] .
Nitric oxide (NO) is synthesized from L arginine by nitric oxide synthase (NOS). There are two forms of the enzyme: Constructive NOS and inducible (iNOS). Constituve NOS consists of neuronal nNOS and endothelial eNOS [16, 27] . NOS in the central nervous system is expressed either constitutively or when stimulated by a suitable stimulus such as autoimmune encephalomyelitis [8] . NO has the ability to regulate the survival and death of cells. It can close or open apoptitotic pathways depending on NO concentration and exposure time [7, 10] .
To the best of our knowledge, eNOS and iNOS expressions and relationship with apoptosis in sheep brain with listerial meningoencephalitis has not been reported. Therefore, the aim of this study was to investigate eNOS and iNOS expressions in sheep brain with listeriosis and to compare them with apoptosis which is shaped in the region.
MATERIALS & METHODS

Animals
In this study, 25 paraffin embedded brain tissue blocks taken from the pons and medulla oblongata regions of naturally infected with LM in sheep were used. Five sheep brain tissue blocks that died due to other diseases which not affected of central nervous system was used as control. Five μm-thick sections were taken from brainstem and deparaffinized in xylene and then rehydrated in graded alcohols and stained with hematoxylin eosin (H&E) by routine histopathologic tecniques. Immunohistochemically (IHC) all infected brain and control tissues were stained with eNOS (Anti eNOS polyclonal antibody) 1 , iNOS (Anti iNOS polyclonal antibody) 1 and Listeria (Anti Listeria polyclonal antibody) 2 antibodies. Sections blocked and incubated with primary antibodies for 1 h. After washes two times biotinylated seconder antibody and avidinbiotin peroxidase complex (thermo) 1 were applied respectively for 20 min. Staining was done 3-amino-9-ethylcarbazole (AEC) and then were counterstained with hematoxylin. All infected and control tissues from brainstem were stained by TUNEL method (In Situ Cell Death Detection Kit) 3 .
Cell counting method
Cells labeled positive with eNOS, iNOS and TUNEL were scored semiquantitatively. Cells showing positive reactivity were evaluated at x20 magnification using an eyepiece with grids of 100 squares from 10 adjacent areas in equal area for each slide. The percentages of labeled cells in the region were scored as follows: (0) no staining, (1) area of staining cells ˂ 10%, (2) area of staining cells = 10% -30%, (3) area of staining cells ˃30%.
Statistical analysis
The Mann-Whitney U Test was performed on SPSS 15.0 program in order to test whether there was a significant difference between the severity of the disease in experimental and control group animals. A significant difference was found between the experimental and control groups for eNOS, iNOS and TUNEL staining (Table 1) 
RESULTS
The lesions in the brainstem of infected sheep consisted of meningitis and perivascular cell infiltration including lymphocytes, macrophages. Characteristically microabscesses foci composed of neutrophils were observed in the area (Figure 1) . Listeria immunoreactivity was observed in microabscesses ( Figure 1) and macrophages in perivascular cuff (Figure 2) . The listeria antigens were detected mainly in the cytoplasm of the neutrophils and macrophages and located extracellulary in microabscesses (Figure 1 ).
Immunohistochemical staining with eNOS revealed positive reaction in glial cells (Figure 2 ), neurons and endothelial cells (Figure 3) . In iNOS staining, a reaction was detected in neurons, glial cells, some macrophages in brainstem (Figure 3 ). eNOS and iNOS expressions in neurons and glial cells of infected sheep were higher than control animals and this difference was statistically significant (P < 0.05). TUNEL reaction occurred in the nucleus of the neurons and glial cell. In comparison with controls, the number of TUNEL-positive apoptotic neurons and glial cells in animals infected with LM were higher than control brains ( Figure 3) [P < 0.05]. There was also a positive correlation between eNOS and iNOS expressions and the number of TUNEL positive cells. M.Ö. Karayiğit 
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Figure 3. A-iNOS positive neurons. (arrows). IHC [Bar= 25 μm]. B-iNOS positive glial cells (arrows). IHC [Bar= 25 μm]. C-eNOS expressions in vessel endothelial cells. (arrow) IHC [Bar= 50 μm]. D-TUNEL positive neurons (arrow) and glial cells (arrow head). TUNEL [Bar= 25 μm].
DISCUSSION
As a result of the study, it is detected that both eNOS and iNOS expressions take place in control brain tissue but these expressions increase significantly in infected animals' brain tissues with LM (P ˂ 0.05). The relationship between eNOS and iNOS expressions in brains of sheep with listerial meningoencephalitis and apoptosis is examined in the current study. This is the first conducted study in terms of its research subject, which is sheep with listerial meningoencephalitis.
It is observed that iNOS expression in brains of sheep with listeriosis increases in neurons, glial cells and blood vessels [6, 20, 24] . Moreover, it is found that eNOS expression seriously increases especially in vessel endotheliums, neurons and glial cells in brains of animals with listeriosis. As far as we know, eNOS expression has not been examined in sheep with listeriosis before. However, it is stated that eNOS expression increases as a result of viral diseases of central nervous system or autoimmune encephalomyelitis [5, 8] .
There are some studies which examine nNOS and iNOS expressions in animals with listeriosis. Although eNOS expression and relationship with apoptosis has not been revealed in these studies, it is notified that nNOS and iNOS expressions increase in neurons and astrocytes as a consequence of bacterial meningoencephalitis. It is also reported that this increase progresses symptoms and lesions of illness and could be effective upon listerial meningoencephalitis pathogenesis [6, 20, 24] .
NO is effective in regulating various cellular functions [18] . NO can be reversed with various target molecules thanks to its free radical structure and it can participate in redox reactions which may cause irreversible reactions [22] . Chemical reactivity and large quantities of NO during inflammation indicate that NO plays a crucial role in regulating tissue damages which emerge during oxidative stress. On the other hand, its main role is still controversial because NO can both increase and also prevent tissue and cellular damage. Various studies point out that NO has a potential to increase cellular damages [8, 17, 20] . In contrast, NO can serve a protective function during oxidative stress. NO can help reducing oxidative stress by suppressing radical species [4, 23] . It is reported that NO provides protection against oxidant-related cells and tissues [3, 26] . While some studies stress that NO has potential to induce apoptosis [1,15], some of them state that NO will inhibit this cell death mode [11, 12] .
It is also specified that increase of iNOS expression within hypothalamus neurons can trigger neuronal apoptosis and neurotoxicity [25] . In addition, it is reported that high iNOS expression level in central nervous system increases glial apoptosis [19] . In another study, it is stated that eNOS and iNOS expressions increase in consequence of viral diseases and thus trigger apoptosis [2] . The current study draws attention to a serious increase in listerial meningoencephalitis eNOS and iNOS expressions [6, 20, 24] and also in number of neurons and glial cells that undergo apoptosis in comparison with controls (P ˂ 0.05). These results obtained from the study are interpreted as similar to results of different diseases, which suggests increase of eNOS and iNOS may trigger apoptosis. However, it is also stated that increase of NO levels can prevent apoptosis on the ground of previous studies [11, 12] . On the other hand, the opposite situation has been observed in our study. A cell's decision to undergo apoptosis is the result of a change in the balance between the antiapoptotic and proapoptotic forces within the cell. Accumulated data show that relevant Physiological levels of NO contribute to this balance by suppressing apoptotic way at multiple levels with various mechanisms. Higher levels of NO production damage cellular protective mechanisms and lead balance to apoptotic death in some cell types [7] .
Consequently, results obtained through the study show that eNOS and iNOS expressions and significantly increase of neuronal and glial cells leading to apoptosis observed in sheep with listeriosis. According to these results, in listeriosis neurons and glial cells may be sources of both eNOS and iNOS. While eNOS and iNOS increase within physiological limits inhibited cellular apoptosis, high levels obtained in our study may have triggered apoptosis. Along with these results, eNOS and iNOS may have a role in tissue and cellular damages and emerging nervous symptoms within listerial meningoencephalitis pathology in sheep. More detailed studies including cytokine in inflammatory response and examining caspase activities should be conducted in order to provide more information about this issue.
CONCLUSIONS
As a result, eNOS and iNOS expression in neurons and glial cells significantly increased in listeriosis in sheep. With this increase, the number of neurons and glial cells that have undergo apoptosis was found to be higher than the controls. Although more detailed research is needed in this regard, this suggests that NO synthesis may play an important role in the pathology of listerosis in sheep. 
